Since December, 2019, the coronavirus disease 2019 (COVID-19) has spread globally, infecting more than 1 million people and causing more than 70 000 deaths.[@bib1], [@bib2] Among patients with COVID-19, especially those who are severely and critically ill, a variety of potential risk factors for venous thromboembolism exist, including infection, immobilisation, respiratory failure, mechanical ventilation, and central venous catheter use.[@bib3], [@bib4] However, to the best of our knowledge, risk of venous thromboembolism in these patients has not yet been reported. Here we use a nationwide dataset from China to provide a delineation of venous thromboembolism risk in patients with COVID-19.

On behalf of the National Clinical Research Centre for Respiratory Disease, together with the National Health Commission of the People\'s Republic of China, we collected data from 1099 patients with laboratory-confirmed COVID-19 in 31 provincial administrative regions throughout the country.[@bib5] The study was supported by the National Health Commission, was designed by the investigators, and was approved by the institutional review board of the National Health Commission. Written informed consent from the patients was waived in light of the urgent need to collect data, and the fact that this was a retrospective analysis of deidentified data. Data were analysed and interpreted by the authors. Continuous variables were expressed as medians with IQR. Wilcoxon rank-sum tests were applied to continuous variables, and χ^2^ tests were used for categorical variables. To estimate the odds ratio (OR) associated with venous thromboembolism risk, variables including outcomes and laboratory findings that were adjusted by age (by use of logistic regression) were further analysed by logistic regression.

Venous thromboembolism risk was evaluated on admission to hospital via the Padua Prediction Score;[@bib6] data from 73 patients were excluded because of an absence of clinical information. Of the 1026 patients that were included, 407 (40%) were considered as high risk on the basis of a score of 4 or more---the remaining patients were defined as low risk. Bleeding risk was evaluated according to a published investigation,[@bib7] with patients considered to be at high risk if they had two or more risk factors (aged 40 years or older, had hepatic failure (international normalised ratio \>1·5), had severe renal failure (glomerular filtration rate \<30 mL/min per m^2^), were admitted to the intensive care unit or the coronary care unit, had a central venous catheter, were diagnosed with a rheumatic disease or active cancer, or were men), or had one of the three major risk factors associated with bleeding: active gastroduodenal ulcer, bleeding in the 3 months before admission, or platelet count less than 50 × 10^9^/L. Patients at high risk of venous thromboembolism were older, and were more likely to have a high risk of bleeding, to have been admitted to the intensive care unit, to have had mechanical ventilation, and to have died as a result of COVID-19 or COVID-19 complications, such as venous thromboembolism, than patients at low risk of venous thromboembolism ([table](#tbl1){ref-type="table"} ). Laboratory findings on admission showed that more patients with high risk of venous thromboembolism had abnormal concentrations of aspartate aminotransferase, alanine aminotransferase, and C-reactive protein than did patients with low risk after adjustment for age ([appendix](#sec1){ref-type="sec"}).TableBleeding score, outcomes, and age of patients with COVID-19 with high and low risk of venous thromboembolism according to the Padua Prediction Score**Padua Prediction Score \<4 (n=619)Padua Prediction Score ≥4 (n=407)OR (95% CI)**[\*](#tbl1fn1){ref-type="table-fn"}**p value**[\*](#tbl1fn1){ref-type="table-fn"}High bleeding risk[†](#tbl1fn2){ref-type="table-fn"}7 (1%)44 (11%)8·51 (3·74--19·35)\<0·0001Intensive care unit admission5 (1%)47 (12%)12·82 (5·00--32·91)\<0·0001Mechanical ventilation6 (1%)57 (14%)13·17 (5·56--31·19)\<0·0001Mortality0 (0%)14 (3%)\....Age, years42 (33--55)52 (40--64)..\<0·0001≥70[‡](#tbl1fn3){ref-type="table-fn"}19 (3%) of 55956 (15%) of 3844·85 (2·83--8·31)\<0·0001[^1][^2][^3][^4]

In patients with pneumonia caused by pneumococcal or influenza infection, the occurrence of venous thromboembolism has been shown to be increased.[@bib8], [@bib9] Although we do not know the number of patients with COVID-19 who had venous thromboembolism in this cohort, 40% of patients had a high risk, and an estimated 11% of high-risk patients go on to develop venous thromboembolism without prophylaxis.[@bib6] Most venous thromboembolism events can be prevented with appropriate prophylaxis, especially in high-risk patients. However, only ten (7%) of 140 patients for whom anticoagulation data were available in our cohort had received anticoagulant drugs during hospitalisation (nine were given heparin and one rivaroxaban)---a lower proportion than the proportion of patients at high risk of venous thromboembolism. This finding could suggest that venous thromboembolism prophylaxis was not adequate in this cohort of patients with COVID-19. Identifying patients with COVID-19 at high risk of venous thromboembolism and providing appropriate prophylaxis is therefore important.

Anticoagulant drugs are the cornerstone for venous thromboembolism prophylaxis; however, among the patients with COVID-19 at high risk of venous thromboembolism in this cohort, 44 (11%) of 407 also had a high risk of bleeding. For these patients, the dose and duration of anticoagulants should be adjusted, and mechanical compressions such as elastic compression stockings or intermittent pneumatic compression are warranted. Patients with COVID-19 can rapidly develop severe or critical disease, causing a series of complications such as renal failure, respiratory failure, or liver dysfunction,[@bib2], [@bib3], [@bib10] which can affect both venous thromboembolism and bleeding status. Therefore, assessing venous thromboembolism and bleeding risks regularly is essential. Additionally, we found that patients with COVID-19 with a high risk of venous thromboembolism had poorer outcomes than patients with a low risk, suggesting that these patients might require increased attention in case of rapid deterioration.
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[^1]: Data are n (%) or median (IQR).

[^2]: Adjusted by age.

[^3]: Bleeding risk was evaluated according to a previous study.[@bib7]

[^4]: A threshold of 70 years was selected on the basis of the Padua Prediction Score and age data were not available for all patients.
